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METHOD TO FORM DUAL DAMASCENE 
STRUCTURES USING A LINEAR 

PASSIVATION 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 
The present invention relates to the fabrication of semi 

conductor Structures, and more particularly, to a method to 
fabricate dual damascene Structures in the manufacture of 
integrated circuits. 

(2) Description of the Prior Art 
The implementation of dual damascene Structures is a 

recent development in the field of integrated circuit manu 
facture. The dual damascene proceSS allows for the forma 
tion of conductive wiring with very fine line widths and 
SpaceS. 

In a damascene process, wiring trenches are formed in an 
isolation layer. Next, a conductive material is deposited 
overlying the isolation layer and filling the trenches. Finally, 
a chemical mechanical polish (CMP) is performed to polish 
down the conductive material to the Surface of the isolation 
layer. In this way, the conductive traces of metal are formed. 

The dual damascene process extends this idea by forming 
both the metal traces and via plugs in one metal deposition. 
This is accomplished by forming both the via trenches and 
the trace trenches in the isolation layer before the metal 
deposition. 

Referring to FIG. 1, a cross-section of a partially com 
pleted dual damascene Structure is shown. A Substrate layer 
10 is depicted. The substrate layer 10 encompasses all 
underlying layers, devices, junctions, and other features that 
have been formed prior to the deposition and definition of 
the conductive traces 18 and the isolation layer 14. An 
anti-diffusion layer 22 composed of Silicon oxynitride over 
lies the conductive traces 18 and the isolation layer 14. A 
via-level dielectric layer 26 composed of oxide overlies the 
anti-diffusion layer 22. An etch stopping layer 30 of silicon 
oxynitride overlies the via-level dielectric layer 26. An 
interconnect dielectric layer 34 of oxide overlies the etch 
Stopping layer 30. 
A layer of photoresist 38 is applied overlying the inter 

connect dielectric layer 34. The photoresist layer 38 is 
developed to create openings where Vias will be formed. The 
Vias will connect upper-level metal traces to the underlying 
conductive traces. After an etch proceSS is performed using 
the photoresist as a mask, the via trenches are etched through 
the interconnect dielectric layer 34, the etch Stopping layer 
30, and the via-level dielectric layer 26. 

After the via trenches are etched, as shown in FIG. 2, the 
first layer of photoresist 38 is stripped away. Now, as is 
typical in the prior art, a Second layer of photoresist 42 is 
applied and developed. The openings in the Second photo 
resist 42 expose the areas where the upper level trench will 
be formed. In this particular dual damascene Structure, a 
dense array of closely spaced Vias has been formed. Only 
one upper level trench will be formed overlying these Vias. 

Using the Second photoresist as a mask 42, the metal level 
trench is now etched. The etch chemistry is Specially 
Selected Such that the etch rate for the oxide of the inter 
connect dielectric layer 34 is greater than that for the Silicon 
Oxynitride etch Stopping layer 30. Once the interconnect 
dielectric layer 34 is etched through to expose the underly 
ing etch Stopping layer 30, the etch is stopped. By design, the 
etch Stopping layer 30 protects the via-level dielectric layer 
26 from the etch, and thereby maintains the integrity of the 
via profiles. 
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2 
However, as shown in FIG. 3, problems can arise in the 

prior art dual damascene technique. Because of the close 
spacing of the Vias in the dense array, the oxide etch rate in 
the dense array area is increased. This causes an etch rate 
microloading between different via trenches. The effect is 
seen in faceting 46 of the via isolation profiles. If this 
problem occurs in the fabrication of the dual damascene 
Structure, there is a high likelihood of metal to metal 
Shorting acroSS Vias in the dense array area. Moreover, the 
dense via merge issue tends to induce a process difficulty in 
the following CMP process. 

In an attempt to reduce the likelihood of this problem, the 
etch stopping layer 30 can be made thicker. If the etch 
Stopping layer 30 is made thick enough, the faceting prob 
lem can be eliminated. However, this creates a new problem. 
Because the Silicon oxynitride material of the etch Stopping 
layer 30 has a relatively highdielectric constant, a thickening 
of the layer causes an increase in the line-to-line capacitance 
between the metal in the Vias. This increase in capacitance 
loading represents a problem in higher speed applications. 

Several prior art approaches attempt to form dual dama 
Scene structures. U.S. Pat. No. 5,840,625 to Feldner teaches 
a process to fabricate metal interconnects using tungsten and 
aluminum where tungsten or tungsten nitride is used to line 
either damascene or dual damascene trenches. U.S. Pat. No. 
5,753,967 to Lin discloses a process to form damascene and 
dual damascene trenches where a vertical liner is formed to 
reduce the trench width. U.S. Pat. No. 5,767,582 to Lee et 
all shows a dual damascene process. U.S. Pat. No. 5,635,423 
to Huang et al discloses a dual damascene process with an 
embodiment using a liner in the top trench. 

SUMMARY OF THE INVENTION 

Aprincipal object of the present invention is to provide an 
effective and very manufacturable method of fabricating 
integrated circuits with dual damascene Structures. 
A further object of the present invention is to provide a 

method of fabricating dual damascene trenches using a liner 
layer to protect the via trenches during the etch of the metal 
level trenches. 

A yet further object of the present invention is to provide 
a method of fabricating dual damascene metal interconnect 
and Vias using a liner layer to protect the via trenches during 
the etch of the metal level trenches. 

Yet another object of the present invention is to provide a 
method of fabricating dual damascene trenches in which the 
via top corner profile is improved. 

Yet another object is to provide a method of fabricating 
dual damascene trenches in which rounding of the via top 
corners is prevented. 

Yet another object is to provide a method of fabricating 
dual damascene trenches in which rounding of the via top 
corners is prevented by a liner layer within the via trenches. 
A further object is to provide a method of fabricating dual 

damascene trenches using a liner layer to prevent rounding 
of the via top corners wherein the etch Stop layer thickness 
can be decreased. 

In accordance with the objects of this invention, a new 
method of fabricating an integrated circuit with dual dama 
Scene Structures is achieved. A Substrate layer is provided 
encompassing all underlying layers, devices, and junctions. 
Conductive plugs are provided in an isolating dielectric 
layer. An anti-diffusion layer is deposited overlying the 
conductive plugs and the isolating dielectric layer. A via 
level dielectric layer is deposited overlying the anti-diffusion 
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layer. An etch Stopping layer is deposited overlying the 
Via-level dielectric layer. An interconnect dielectric layer is 
deposited overlying the etch Stopping layer. A first photo 
resist layer is applied overlying the interconnect dielectric 
layer. The first photoresist layer is developed to expose the 
underlying interconnect dielectric layer where via trenches 
overlying the conductive plugs are planned. The intercon 
nect dielectric layer, etch Stopping layer and via-level dielec 
tric layer are etched through using the first photoresist layer 
as an etching mask to form the via trenches. The remaining 
first photoresist layer is Stripped away. A liner layer is 
deposited overlying the interconnect dielectric layer and the 
internal Surfaces of the via trenches. A barrier and anti 
reflective coating layer is deposited overlying the liner layer. 
A Second photoresist layer is applied overlying the barrier 
and anti-reflective coating layer. The Second photoresist 
layer is developed to expose the underlying interconnect 
dielectric layer where metal interconnect trenches overlying 
at least a portion of the via trenches are planned. The 
exposed portion of the barrier and anti-reflective coating 
layer is removed. The liner layer and the interconnect 
dielectric layer are etched through using the Second photo 
resist layer as an etching mask and stopping at the etch 
Stopping layer to form the metal interconnect trenches. The 
remaining Second photoresist is Stripped away. The exposed 
liner layer, exposed etch Stopping layer, and the exposed 
anti-diffusion layer are etched through to the underlying 
conductive plugs. A metal layer is deposited overlying the 
interconnect dielectric layer and filling the via trenches and 
the metal interconnect trenches. The metal layer is polished 
to form connective traces. A passivation layer is deposited 
overlying the metal interconnect layer to complete the 
fabrication of the integrated circuit device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings forming a material part of 
this description, there is shown: 

FIGS. 1 through 3 schematically illustrate in cross-section 
a partially completed prior art integrated circuit showing a 
dual damascene Structure. 

FIGS. 4 through 11 schematically illustrate in cross 
Sectional representation the present invention used to create 
dual damascene Vias. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now more particularly to FIG. 4, there is 
illustrated a portion of a partially completed integrated 
circuit. In this preferred embodiment, the present invention 
will be used to create dual damascene vias. It will be 
understood by those skilled in the art that the invention could 
be applied to the formation of other Structures, including 
dual damascene Structures that don’t Serve as Via openings 
between metal layers. Substrate 50 encompasses all under 
lying layers, devices, junctions, and other features that have 
been formed prior to the deposition of an isolation layer 54. 
Metal lines 58 are provided in the isolation layer 54 as 
conventional in the art. 

Referring now to FIG. 5, an anti-diffusion layer 62 is 
deposited overlying the metal stack 58 and the isolation 
layer 54. The anti-diffusion layer 62 is typically composed 
of conventionally deposited Silicon oxynitride, Silicon 
nitride, or silicon carbide. Preferably, the anti-diffusion layer 
is deposited to a thickness of between about 500 Angstroms 
and 1,500 Angstroms. The anti-diffusion layer acts as an 
etching Stop for the Subsequent via and trench etch. 
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4 
A via-level dielectric layer 66 is deposited overlying the 

anti-diffusion layer 62. The via-level dielectric layer is 
preferably composed of an oxide Such as a low dielectric 
constant fluorinated Silicate glass (FSG) or another organic 
or inorganic low-k material. Preferably, the via-level dielec 
tric layer 66 is deposited to a thickness of between about 
3,000 Angstroms and 10,000 Angstroms. 
An etch Stopping layer 70 is now deposited overlying the 

Via-level dielectric layer 66. The etch Stopping layer Stops 
the Subsequent etch used to form the metal interconnect 
trenches. The etch Stopping layer 70 is typically composed 
of conventionally deposited Silicon oxynitride, Silicon 
nitride, or Silicon carbide. It is desirable to keep the etch 
Stopping layer as thin as possible to reduce the capacitive 
coupling due to the relatively high dielectric constant of the 
etch Stop layer. In the preferred embodiment, the etch 
Stopping layer 70 is deposited to a thickness of between 
about 300 Angstroms and 1,500 Angstroms. 
An interconnect dielectric layer 74 is deposited overlying 

the etch stopping layer 70. The interconnect dielectric layer 
is preferably composed of an oxide Such as a low dielectric 
constant fluorinated Silicate glass (FSG) or other organic or 
inorganic low dielectric constant material. Preferably, the 
interconnect dielectric layer 74 is deposited to a thickness of 
between about 5,000 Angstroms and 15,000 Angstroms. 
As shown in FIG. 6, a first photoresist layer 77 is applied 

overlying the interconnect dielectric layer 74. The first 
photoresist layer 77 is exposed in a photolithographic pro 
ceSS and developed to create openings. These openings 
expose the underlying interconnect dielectric layer 74 where 
Vias are planned. The interconnect dielectric layer 74, etch 
stopping layer 70, and via-level dielectric layer 66 are then 
etched through using the first photoresist layer as an etching 
mask to form the Vias. The etching process is preferably a 
reactive ion etch (RIE) using Series of Steps with a conven 
tional etch chemistry. The via etch is stopped when the 
anti-diffusion layer 62 is exposed at the bottom of the via 
trenches. 

Following the etching Step, the first photoresist layer is 
Stripped away. The profile of the Structures at this step in the 
process is shown in FIG. 7. 

Referring now to FIG. 8, an important feature of the 
present invention will be described. As outlined in the prior 
art discussion, the problem area in the proceSS concerns what 
happens to the via profiles during the metal connectivity 
layer etch. The novel solution of the present invention is to 
deposit a liner layer 78 overlying the interconnect dielectric 
layer 74 and the internal Surfaces of the vias. The liner layer 
78 is preferably composed of silicon nitride, though silicon 
Oxynitride or Silicon carbide may also be used. The purpose 
of the liner layer is to protect the vertical sidewalls of the via 
trenches during the metal connectivity layer etch. The liner 
layer acts as an etching Stop for the oxide etch due to the 
relatively low etch rate of Silicon nitride when compared to 
oxide. Even a very thin layer of silicon nitride has been 
shown to effectively protect the vertical sidewalls of the via 
trenches. Experimental data shows that even a 200 Ang 
Stroms liner layer of Silicon nitride can make a distinctive 
improvement in the Via trench profiles by inhibiting via 
corner faceting and preventing the loSS of the anti-diffusion 
layer at the bottom of each trench. 

In the preferred embodiment, the lining layer 78 is com 
posed of Silicon nitride or Silicon oxynitride conventionally 
deposited to a thickness of between about 50 AngStroms and 
500 Angstroms. 
An organic barrier and anti-reflective coating (BARC) 

layer 82 is deposited overlying the liner layer 78. The 
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purpose of the BARC layer 82 is to reduce the sensitivity of 
the photolithographic Step to interference and to improve 
resolution. A Second photoresist layer 86 is applied overly 
ing the barrier and anti-reflective coating layer 82. The 
Second photoresist layer 86 is exposed in a photolitho 
graphic proceSS and developed to create openings. The 
second photoresist layer 86 is developed where metal inter 
connect trenches overlying at least a portion of the via 
trenches are planned. The exposed part of the barrier and 
anti-reflective coating layer 82 is then removed. 
The liner layer 78 and the interconnect dielectric layer 74 

are then etched through using the Second photoresist layer 
86 as an etching mask to form the metal interconnect 
trenches. The etching process is preferably a reactive ion 
etch (RIE) using a conventional etching chemistry. The 
etching Stops at the etch Stopping layer 70 to form the metal 
interconnect trenches. 

Referring now to FIG. 9, the etch produces the profile 
shown. The liner layer 78 protected the vertical sidewalls of 
the Vias during the etch. In this way, the faceting Seen in the 
prior art process is eliminated as shown by 90. As a result, 
the Vias will remain completely isolated from each other in 
the Subsequent processing. After the trench etch, the remain 
ing Second photoresist layer 86 is Stripped away. 

Referring now to FIG. 10, a finishing etch is performed to 
remove the remaining liner layer 78, exposed etch Stopping 
layer 70, and the etch through the anti-diffusion layer 62. 
This etch completes the vias down to the metal stack 58. The 
finishing etch is preferably a reactive ion etch (RIE) using an 
etch chemistry comprising CHF, CHF, CHF, O, N, and 
Ar. 

Referring now to FIG. 11, a metal layer 94 is deposited 
overlying the interconnect dielectric layer 74 and filling the 
metal interconnect and via trenches. The metal layer 94 may 
then be polished by chemical mechanical polishing (CMP) 
to form conductive traces as shown. Finally, if this is the top 
metal layer, a layer of plasma nitride passivation 98 is 
deposited overlying the metal layer 94 to complete the 
integrated circuit device. If this is not the top metal layer, 
further levels of metalization may be formed according to 
the process of the invention. 

The process of the present invention provides a very 
manufacturable method for fabricating a dual damascene 
Structure in the fabrication of an integrated circuit device. 
The process of the invention has been tested and SEM 
results show a distinct improvement on both the Via corner 
profile and the bottom Stop layer loSS. 

While the invention has been particularly shown and 
described with reference to the preferred embodiments 
thereof, it will be understood by those skilled in the art that 
various changes in form and details may be made without 
departing from the Spirit and Scope of the invention. 
What is claimed is: 
1. A method to form dual damascene trenches in the 

fabrication of an integrated circuit device comprising: 
depositing an anti-diffusion layer overlying a Semicon 

ductor Substrate; 
depositing a first dielectric layer overlying Said anti 

diffusion layer; 
depositing an etch Stopping layer overlying Said first 

dielectric layer; 
depositing a Second dielectric layer overlying Said etch 

Stopping layer; 
patterning Said Second dielectric layer, Said etch Stopping 

layer, and Said first dielectric layer and to form ViaS 
Stopping at Said anti-diffusion layer; 
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6 
depositing a liner layer overlying Said Second dielectric 

layer and internal Surfaces of Said Vias, 
thereafter forming a trench mask overlying Said liner layer 

wherein Said liner layer is exposed where a trench is 
planned; 

thereafter patterning Said liner layer and Said Second 
dielectric layer where exposed by Said trench mask and 
Stopping at Said etch Stopping layer to form a trench 
Overlying Said Vias wherein Said liner layer remains 
Overlying Said internal Surfaces of Said Vias after Said 
patterning; 

thereafter removing Said trench mask, and 
thereafter removing Said liner layer, Said etch Stopping 

layer, and Said anti-diffusion layer within Said trench 
and Vias to complete the formation of Said dual dama 
Scene trenches of Said integrated circuit device. 

2. The method according to claim 1 wherein Said anti 
diffusion layer comprises one of the group containing: 
Silicon oxynitride, Silicon nitride, and Silicon carbide. 

3. The method according to claim 1 wherein said first 
dielectric layer comprises one of the group of fluorinated 
Silicate glass, Silicon dioxide, organic low dielectric constant 
materials, and inorganic low dielectric constant materials. 

4. The method according to claim 1 wherein Said etch 
Stopping layer comprises one of the group containing: 
Silicon oxynitride, Silicon nitride, and Silicon carbide. 

5. The method according to claim 1 wherein said etch 
Stopping layer is deposited to a thickness of between about 
300 Angstroms and 1,500 Angstroms. 

6. The method according to claim 1 wherein Said Second 
dielectric layer is deposited to a thickness of between about 
5,000 Angstroms and 15,000 Angstroms. 

7. The method according to claim 1 wherein said liner 
layer comprises one of the group containing: Silicon 
Oxynitride, Silicon nitride, and Silicon carbide. 

8. The method according to claim 1 wherein said liner 
layer is deposited to a thickness of between about 50 
Angstroms and 500 Angstroms. 

9. A method to form dual damascene metal interconnects 
in the fabrication of an integrated circuit device comprising: 

providing metal lines in an isolation layer overlying a 
Semiconductor Substrate; 

depositing an anti-diffusion layer overlying Said metal 
lines, 

depositing a first dielectric layer overlying Said anti 
diffusion layer; 

depositing an etch Stopping layer overlying Said first 
dielectric layer; 

depositing a Second dielectric layer overlying Said etch 
Stopping layer; 

patterning Said Second dielectric layer, Said etch Stopping 
layer, and Said first dielectric layer, Stopping at Said 
anti-diffusion layer, to thereby form vias; 

depositing a liner layer overlying Said Second dielectric 
layer and internal Surfaces of Said via trenches, 

thereafter forming a trench mask overlying Said liner layer 
wherein Said liner layer is exposed where a trench is 
planned; 

thereafter patterning Said liner layer and Said Second 
dielectric layer where exposed by Said trench mask to 
thereby form a trench Overlying Said Vias wherein Said 
liner layer remains overlying Said internal Surfaces of 
Said via trenches after Said patterning; 

thereafter removing Said trench mask, and 
thereafter removing Said liner layer, Said etch Stopping 

layer, and Said anti-diffusion layer within Said trench 
and Vias to expose Said metal line; 



US 6,391,761 B1 
7 

depositing a metal layer overlying Said first dielectric 
layer and filling Said trench and Said Vias, and 

polishing to complete formation of metal interconnects in 
the fabrication of Said integrated circuit device. 

10. The method according to claim 9 wherein said anti 
diffusion layer comprises one of the group containing: 
Silicon oxynitride, Silicon nitride, and Silicon carbide. 

11. The method according to claim 9 wherein said etch 
Stopping layer comprises one of the group containing: 
Silicon oxynitride, Silicon nitride, and Silicon carbide. 

12. The method according to claim 9 wherein said etch 
Stopping layer is deposited to a thickness of between about 
300 Angstroms and 1,500 Angstroms. 

13. The method according to claim 9 wherein said liner 
layer comprises one of the group containing: Silicon 
Oxynitride, Silicon nitride, and Silicon carbide. 

14. The method according to claim 9 wherein said liner 
layer is deposited to a thickness of between about 100 
Angstrom and 500 Angstroms. 

15. The method according to claim 9 wherein said step of 
polishing comprises a chemical mechanical polish. 

16. A method to form dual damascene metal interconnects 
in the fabrication of an integrated circuit device comprising: 

providing metal lines in an isolation layer overlying a 
Semiconductor Substrate; 

depositing an anti-diffusion layer overlying Said metal 
lines, 

depositing a first dielectric layer overlying Said anti 
diffusion layer; 

depositing an etch Stopping layer overlying Said first 
dielectric layer; 

depositing a Second dielectric layer Overlying Said etch 
Stopping layer; 
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patterning Said Second dielectric layer, Said etch Stopping 

layer, and Said first dielectric layer, Stopping at Said 
anti-diffusion layer, to thereby form vias; 

depositing a liner layer overlying Said Second dielectric 
layer and internal Surfaces of Said via trenches wherein 
Said liner layer comprises one of the group containing: 
Silicon nitride, Silicon oxynitride, and Silicon carbide, 

patterning Said liner layer and Said Second dielectric layer 
to thereby form a trench Overlying Said Vias wherein 
Said liner layer remains overlying Said internal Surfaces 
of Said via trenches after said Step of patterning, 

thereafter removing Said liner layer, Said etch Stopping 
layer, and Said anti-diffusion layer within Said trench 
and Vias to expose Said metal line; 

depositing a metal layer overlying Said first dielectric 
layer and filling Said trench and Said Vias, and 

polishing to complete formation of metal interconnects in 
the fabrication of Said integrated circuit device. 

17. The method according to claim 16 wherein said etch 
Stopping layer comprises one of the group containing: 
Silicon oxynitride, Silicon nitride, and Silicon carbide. 

18. The method according to claim 16 wherein said etch 
Stopping layer is deposited to a thickness of between about 
300 Angstroms and 1,500 Angstroms. 

19. The method according to claim 16 wherein said liner 
layer is deposited to a thickness of between about 100 
Angstroms and 500 Angstroms. 

20. The method according to claim 16 wherein said step 
of polishing comprises a chemical mechanical polish. 
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